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This study was i n i t i a t e d  i n  order  t o  determine t h e  number of ArtemiQ 
n a u p l i i  t o  feed t o  larval moi, PoZydactyZus sexfitis, during rear ing  
t r i a l s .  For t h e  s i z e  range of 10.5-23.0 mm standard length,  the  la rvae  
w e r e  capable of consuming up t o  one nauplius every 16 seconds o r  
approximately 5,500 naupli i jday.  
MATERIALS AN2 lIETHODS 
The moi l a rvae  vere obtained from the  brood s tock maintained by 
Hawaii I n s t i t u t e  of Marine Biology, Kaneohe, Hawaii. These larvae w e r e  
spawned on August 19, 1976 and t h e  spawning was i den t f f i ed  a s  moi-76-2. 
They were 33 days o ld  a t  t he  i n i r i a t i o n  of the  feeding t r i a l s ,  Records 
of t h e  feeding h i s to ry  of t h i s  group of f i s h  f o r  t h e i r  first 26 days 
- show periods of very low food ava i l ab i l i t y .  First-feeding on r o t i f e r s  
(Brachionus pZ<catiZus) occurred two days a f t e r  hatching. A t  f i v e  days 
from hatching harpact icoid  copepods were added. One-day o l d  Artem& 
n a u p l i i w e r e  fed t o  t he  la rvae  1 2  days a f t e r  f i r s t - feed ing ,  o r  1 4  days 
from hatching. c i y i a t e a n d  d inof lage l la tes  were a l s o  present  i n  t he  
r ea r ing  tanks. The week p r i o r  t o  control led feeding the l a rvae  had 
access  t o  a la rge ,  unknown amount of Arteka naup l i i  and they grew quickJ.y. 
Standard lengths  were measured on the  i n i t i a l  and f i n a l  days of t he  
experimerrt using 4.0 ppm MS-222 a s  an anesthet ic  (Table 1). Due t o  the  
l imited- number of l a rvae  and the  high morta l i ty  during weighing procedures, 
w e  were unwilling t o  s a c r i f i c e  l a rvae  f o r  weight measurements. Three 
l a rvae  died under anesthet ic  on the l a s t  day. From these, wet and dry 
weights were measured and a crude length-weight re la t ionship was 
determined (Table 2) . 
Five f i s h  were placed i n  each of four  9 - l i t e r  black p l a s t i c  tubs 
with  aerat ion.  The tubs had been f i l l e d  with f i l t e r e d  sea  water and 
the  phytoplankton ChZoreZZa sp. was added a t  approximate dens i t i e s  of 
2.0 x lo5 cel ls /ml  t o  control  water quali ty.  Half way through the  
experiment ChZoreZZa was no longer avai lable . '  
- 
Temperature ranged from 24-27OC but averaged around 26OC most of 
t he  t i m e .  Sa l in i ty  was r e l a t i ve ly  constant at 35O/00, only dropping 
once t o  34O/00 a f t e r  a heavy ra in .  
The tubs were lit by overhead f luorescent  bulbs which provided 
a l i g h t  i n t e n s i t y  of about 125 meter-candles (mc) a t  the  surface of 
t h e  water. Light i n t ens i ty  var ied from 100-150 mc across a l l  four  tubs, 
The l i g h t s  w e r e  on a 12-hour t i m e r  but  unfortunately there  was 24-hour 
i l luminat ion i n  t h e  laboratory f o r  phytoplankton culture.  When the 
C 
timer was off  the  l i g h t  i n t ens i ty  a t  the  water surface was 40 mc, 
' According t o  Blaxter (1970) optimum l i g h t  i n t ens i ty  f o r  feeding la rvae  
her r ing  i s  around 100 mc with the  lowest percent feeding at 16' mc. 
The Artenria naupl i i  were hatched i n  heavily aerated sea water for 
24 hours and separated from the egg cases. The separation,  however, 
was not thorough. An attempt was made t o  use naupl i i  24 hours o ld  o r  
less to  avoid wide f luc tua t ion  i n  s i z e  and nu t r i t i ona l  value. This a l s o  
insured a minimum number of. naupl iar  deaths a s  Artemia naup l i i  can 
survive up t o  f i v e  days without food (personal observation). A known 
volume of t he  separated hatch was then sampled f o r  density by counting a t  
l e a s t  f i v e  1 ml samples. The hatch was then divided i n t o  f i v e  a l i q u o t s  of 
approximately uniform dens i t ies  and the r i g h t  volume t o  y i e l d  t h e  des i red  
dens i ty  of naup l i i  when added t o  t h e  fubs. Four of these a l i quo t s  w e r e  
subsampled fu r the r  t o  double check t h a t  the  divis ions  had been uniform. 
The f i f t h  a l i quo t  was preserved and counted l a t e r  f o r  g rea te r  accuracy. 
The l a r v a l  were fed an estimated number of naup1i.i dai ly .  Due t o  t h e  
time l imi ta t ions ,  the  f i s h  were t ransfer red  t o  f resh ly  prepared tubs  every 
*- 
other  day. A l l  remaining naup l i i  from the o r i g i n a l  tubs were co l lec ted ,  
preserved and l a t e r  counted. The o r i g i n a l  density of dr tmk,  approximately 
'1 nauplius/2 ni l  o r  900 naupl i i / l a rva ,  was found t o  be too sparse.  The 
densi ty  was gmdqally increased t o  around 3 nauplii /ml on day 6 of t h e  
.experiment when the la rvae  were 39 days old. This density allowed 5,400 
naup l i i / f i sh  larvalday, o r  be t t e r ,  which appeared t o  be adequate. 
OBSERVATIONS 
The physical  s t a t e  of the  la rvae  appeared t o  degenerate toward the  end 
of  the  feeding t r i a l ,  t h e i r  heads becoming increasingly l a r g e  i n  proportion 
t o  t h e i r  bodies. S l igh t  opercular deformities were apparent on day 7, a t  
40 days old.@ost a l l  the la rvae  had some head-bone deformity, however slight. 
O n  day 8 one f i s h  had a crooked, l a t e r a l l y  S-shaped spine,  The air l e v e l  
w a s  low i n  t h i s  tub. When the a i r  supply was increased t h i s  deformity 
disappeared by the following day, ind ica t ing  a low oxygen l e v e l  could have 
caused the  problem. 
RESULTS 
The da i ly  va r i a t i on  i n  the  counts among a l iquots  of Artemia naup l i i  
was on the  order of f 9.6% from the expected value f o r  t h a t  day. The 
va r i a t i on  of t he  ove ra l l  mean of the counts among days of the  same dens i ty  
was f 5.3%. Analysis of variance of the  density counts among the  l a s t  
t en  days showed no s ign i f i can t  dif ference a t  the  P'. 01 l eve l ,  i nd i ca t ing  
t h a t  t he  counting method was f a i r l y  consistent.  
A t  the  lower food dens i t ies  t he  moi larvae were ab l e  t o  search o u t  
P' 
a l l  of the  naupl i i ,  where a t  the higher dens i t i e s  a few hundred i n  some 
cases were l e f t .  I n  one incident,  day 7, double the  intended amount of 
htemia was fed  t o  tub 3 but  no more were eaten than i f  they had been 
given the normal r a t i o n  (Table 3). 
The average number of naupl i i  eaten per f i s h  was 5,53O/day. This 
was determined from feeding over the  l a s t  ten days when the density w a s  
considered adequate. Theref ore . the  f i s h  larvae were s t r i k i n g  at  a 
nauplius every 16 seconds on the  average. According t o  Slobodkin and 
- 
Richman (1961), Artemia naupl i i  yielded 6,737 f 863 ca1ories/ash-free gram 
dry weight. Using the  mean dry weight/nauplius reported by May (1971) 
of 1.64 4g,  the  average energy consumed by a l a rva  was 61.1 cal./day. The 
average r a t e  of growth f o r  a l l  the f i s h  was 0.64 mm/day with an average 
increase of 73% i n  length i n  14 days. (These f igures  do not account f o r  
the  i n i t i a l  low feeding ra te . )  Analysis of variance indicated no s ign i f i -  
cant  dif ference i n  the  s i z e  of f i s h  among tubs i n i t i a l l y  o r  on the  f i n a l  
day. 
The average t o t a l  dry weight consumed per f i s h  over 1 4  days was 
103.3 mg, amounting t o  t o t a l  energy consumption of 659.9 c a l j f i s h ,  
A s  mentioned e a r l i e r ,  Table 2 contains the  l imited length-weight 
da ta  obtained from three  larvae 47 days a f t e r  hatching. A s  no s t a t i s t i c a l  
s ign i f icance  can be drawn from three  data  po in ts  the  following information 
is  s t r i c t l y  conjecture and no attempt is made t o  defend its va l id i ty .  
The % dry matter data  from t h e  three f i s h  la rvae  were va r i ab l e  b u t  
averaged t o  24.4%. Least-square6 l i n e a r  regression of the  logarithmic 
transformations of the  length and weight data  yielded the  equation 
LN weight = -5.708 + 3.568 LN length.  The s lope of t h i s  l i n e  i s  f a i r l y  
s t eep  s o  t h a t  t he  re la t ionsh ip  may be somewhat va l id .  This w a s  converted 
t o  the  growth equation 
Weight =: 0.00332 length 3.568 
Average weights were then calculated from lengths  f o r  each of the  tubs,  
i n i t i a l l y  and f i n a l l y ,  and the difference taken. To y i e ld  dry weight 
gained, these f igures  were multiplied by 0.244. Dry weight gained w a s  
then divided by dry weight consumed to  y ie ld  % conversion e f f ic iency  
(May 1971). The average r a t e  of conversion over a l l  the tubs was 39.4%. 
DISCUSSION 
Generally, the  confidence l i m i t s  of the  number of h t d a  naup l i i  
fed t o  the l a r v a l  rnoi da i ly  were within the 2 10% range- Unfortunately 
t h e  number of naupl i i  remaining i n  the  tubs a f t e r  24 hours of feeding 
were l e s s  than the amount of e r r o r  designated f o r  the  counts. It 
the re fore  appears meaningless t o  sub t rac t  t h a t  number from t h e  o r i g i n a l  
quan t i ty  fed.  The l a rvae  were capable of searching out  every naupl ius  
i n  the  tub (demonstrated i n  the  f i r s t  s i x  days of t h e  t r i a l )  and they d id  
no t  eat more when twice t he  food was ava i lab le  t o  them. This i nd i ca t e s  
t h a t  5,500 naupli i /day is a good ba l lpark  f i gu re  f o r  t h e  d a i l y  r a t i o n  of 
t he se  f i sh .  The experiment w a s  no t  set up t o  determine the  increase  i n  
r a t i o n  over t i m e ,  bu t  i t  s e e m  highly  unl ikely  t h a t  t h e  l a r v a l  feeding 
rate would increase  much over one nauplius every 16 seconds. One every 
- 
. t e n  seconds would amount t o  8,600 nauplii/day. 
From t h e  poor physical  condit ion of t h e  larvae,  i t  w a s  apparent t h a t  
t h e  Artemia n a u p l i i w e r e  not  supplying an adequate d i e t  f o r  t h e  f i s h .  
Seven animals from t h e  same spawning had not  been included i n  t h i s  s tudy  
b u t  were f ed  a defined casein  d i e t .  These f i s h  grew f a s t e r ,  looked 
h e a l t h i e r  and obtained t he  adu l t  s i l v e r  pigmentation while t h e  experimental 
animals remained darkly pigmented throughout t he  study. The mof l a rvae  w e r e  
too l a r g e  t o  b e  ea t ing  such small food organisms. Artenria n a u p l i i  range i n  
s i z e  from 0.4 t o  0.75 mm long within  the  f i r s t  48 hours a f t e r  hatching. 
-. 
Table 4 shows t he  length  of t he  lower jaw of t h e  l a rvae  i n  r e l a t i o n  t o  t h e i r  
standard lengths.  The la rvae  of t h e  s i z e  a t  which t h i s  s tudy was i n i t i a t e d  
(10.5-14.6 mm) were capable of e a t i ng  much l a r g e r  food organisms. They 
probably grew too l a r g e  t o  e a t  Artemia naup l i i  during t h e  week p r i o r  ta 
t h i s  study. Jones and H a l l  (1974) point  ou t  t h a t  i n  t h e  wild,  l a r v a l  f i s h  
feed  on progress ively  l a r g e r  s ized food organisms. This minimizes t h e  
a c t u a l  number which must b e  eaten f o r  the  same amount of growth. During 
t he  feeding t r i a l s  t h e  larvae were operating on a budget of diminishing 
re turns ,  expending energy i n  capturing food t h a t  gave them l i t t l e  energy 
f o r  growth. With i n s u f f i c i e n t  energy they could not complete metamorphosis 
t o  t h e  juven i le  s tage.  
CONCLUSIONS 
The naup l i i  of the  br ine  shrimp Artemia sa2in.a have a l imi ted  useful- 
ness  i n  rear ing  the larvae of the  threadfish PoZydQctyZus sezfizis. 
Because of t h e i r  small s i z e  and l imi ted  energy content, 0.011 cal /naupl ius , .  
Artemia naupl i i  do not  provide an adequate d i e t  f o r  m o i  larvae much l@kger 
than 10-14.0 mm. Artsnia naup l i i  should be added t o  the  rear ing  tanks 
when the larvae a r e  about 10 days o ld  a t  a density of around two nauplii /ml,  
o r  allowing grea te r  than 2,000 naup l i i / f i sh  larvae/day. However a new 
source of n u t r i t i o n  should be employed a f t e r  the  la rvae  are 24 days old 
o r  30 days a t  the  oldest .  More work needs t o  be done on energy budgets 
and a r t i f i c i a l  food sources f o r  l a r v a l  f i sh .  This study should be repeated 
f o r  10-20 day o ld  larvae as t h e i r  feeding r a t e s  would be  expected t o  be  
d i f f e r e n t  from the  o lder  animals. 
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Table 1- The average i n i t i a l  and f i n a l  lengths  of moi l a rvae  
(PoZydactgZus s a f i t i s )  by the  tub, i n  mi l l imi te r s .  
1 2 3 4 Overal l  Avg. 
33 days o l d  14.6 13.2 10.5 12.2 12.6 
47 days o ld  
Amount of growth 
i n  14 days 8.4 .8.3 10.4 8.9 9.0 
Approximate r a t e  
of growth (mm/day) 0.60 0.59 0.74 0.64 0.64 
- 
% inc rease  i n  1 4  days 57.5 62.9 99.0 72.9 73.1 
Table 2A. W e t  and dry weight da t a  f o r  th ree  moi l a rvae  d r ied  a t  84OC 
overnight . 
Standard leng th  21.0 mm 22.0 mm 19.0 nrm 
Wet weight 0.1750 g 0.2038 g 0.1209 g 
Dry weight 
X dry matter 
W (wet) mg = .00332 x L (mm) 3.568 
Table 2B. Length-weight conversions and dry weight gained on the average 
by t h e  tub. 
33 days o l d  L = 14.6 mm 13.2 mm 10.5 mm 12.2 rmn 
W = 47.4 mg 33.06 mg 14.6 mg 24.9 mg 
<-. 47 days o ld  L = 23.0 mm 21.5 mm 20.9 mm 21 -1 mm 
W =239.8 mg 188.5 mg 170.4 mg 176.3 mg 
At? x 24.4%: = 
Dry w t .  gained 48.1 mg 38.9 mg 38.95 mg  37.8 mg 
Table 3. The tota l  number of Artemia nauplii eaten by moi laxvae/day. 
Total no. eaten 64034 61772 63150 62994 
Dry weight consumed 105.66 mg 101.92 mg 104.2 mg 103.94 rng 
% conversion 
eff ic iency 45.5 38.2 37 -4  36.4 
Average intake/day over l a s t  ten days: 5530 nauplii/larva/day 
9.12 mg dry wt/larva/day 
61.4 cal/larva/day 
Table 4. The r e l a t i o n s h i p  between s tandard  length  and t h e  l eng th  of t h e  
lower jaw i n  moi larvae ,  PoZydactyZus sexfizis. (From 
preserved specimens) 
Standard Length 
(mm) 
Length of Lower Jaw 
( ~ 1  
